7 1 

WHAT ts C LAIMED T£: 

1. A waveform equalization apparatus comprising: 

a first input terminal to which only a real component of a 

digital input signal to be waveform-equalized is applied; 

a second input terminal to which only an imaginary component 

of the digitaJ input signal to be waveform-equalized is applied; 
plural transversal filters for performing filtering processes 

for waveform equalization on the digital input signal; 

H* a first output terminal from which only a real component of a 

D 

^waveform-equalized digital output signal is oulputted; 

W 

N ! a second outpuL terminal from which only an imaginary 

"4 

jjomponent of the waveform-equalized digital output signal is 
^.putput Led; 

ffi plural selectors for selecting a connection of lines which 

Mil 

interconnect the first or second input terminal, the plural 

& 

^transversal filters, and the first or second output terminal; and 
a filter construction control signal generator for generating 
a filter construction control signal which controls the plural 
selectors to control the filter construction such that the whole 
apparatus becomes a real component filter when the digital input 
signal is a signal having only a real component, and becomes a 
complex filter when the digital input signal is a signal having 
both a real component and an imaginary component. 



2. The waveform equalization apparatus of Claim 1, wherein the 
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same number of transversal filters among the plural transversal 
filters are used when the whole apparatus becomes a real 
component filter as well as when the whole apparatus becomes a 
complex filter. 

3. The waveform equalization apparatus of Claim 1, wherein the 
signal having only the real component is a VSB signal, and the 
signal having both of the real component and the imaginary 

component is a QAM signal. 

Q 

m 

I* The waveform equalization apparatus of Claim 1, wherein a 
predetermined transversal filter among Lhc plural transversal 
filters has plural taps; and 

fu the waveform equalization apparatus further comprising: 

In 

*i a tap selector for selecting one of the plural taps; and 

a center tap control signal generator for generating a 
center tap control signal for changing the position of a center 
tap of the predetermined transversal filler, by controlling the 
tap selector. 

5. The waveform equalization apparatus of Claim 1, wherein the 
tap length of a predetermined transversal filter among the plural 
transversal filters is changeable according to a filter operation 
control signal; and 

the waveform equalization apparatus further comprising a 
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filter operation control signal generator for generating a filter 
operation control signal which changes Lhe filter operation by 
changing the tap length of the predetermined transversal filter. 

6. A waveform equalization apparatus comprising a first input 
terminal to which a digital input signal having only a real 
component is inputted; a second input terminal to which a digital 
input signal having only an imaginary component is inputted; 
ijrst and second output terminals; first Lo fourth transversal 

IJlter (hereinafter referred to as TF) units for performing 

ci 

filtering processes fox waveform equalization; a delay means for 
flaying an input signal Lo output a delayed signal; and first 
|tnd second tap coefficient control means for controlling tap 
j&efficients of l.he first to fourth TF units, wherein 
|J when a signal is applied to only the first input terminal, 
fee first to fourth TF units are connected as follows: 

the signal applied to the first input terminal is inputted to 
the first TF unit; a signal which is obtained by delaying a 
signal outputted from the first output terminal with the delay 
means is inputted to the second TF unit; a delay output from the 
second TF unit is inputted to the third TF unit; a delay output 
from thee third TF unit is inputted to the fourth TF unit; and 
signals which are filter-processed by the second to fourth TF 
units nro. added to a signal which is filter-processed by the 
first TF unit and a main signal component of the first TF unit, 



and the result of Lhe addition is outputted from the first output 
terminal; and 

waveform equalization is performed on the input signal to the 
first input terminal while controlling the tap coefficients of 
the first to fourth TF units with the first tap coefficient 
control means on the basis of the output from the first output 
terminal, and a signal so obtained is outputted from the first 
output terminal; and 
I when signals are 
jjjid the second input terminal, the first to fourth TF units are 
[connected as foJlows: 

: X the signal applied to the first input terminal is inputted to 
jthe first and third TF units; the signal applied to the second 
jljnput terminal is inputted to the second and fourth TF units; the 
jtpin signal component of the first TF unit is added to a value 
'which is obtained by subtracting the siynal filter-processed by 
the second TF unit from the signal filter-processed by the first 
TF unit, and the result of the addition is outputted from the 
first data output terminal; and the signal filter-processed by 
the third TF unit, the signal filter-processed by the fourth TF 
unit, and the main signal component of the fourth TF unit are 
added, and the tesult of the addition is outputted from the 
second output terminal; and 

the input signals applied to the first and second input 
terminals arc subjected to waveform equalization while 
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controlling the Lap coefficients of the first to fourth TF units 
with the second tap coefficient control means on the basis of the 
outputs from the first and second output terminals, and the real 
component of the signal so obtained is outputted from the first 
output terminal while the imaginary component, of the signal so 
obtained is outpulted from the second output terminal. 



7. The waveform equalization apparatus of Claim 6, wherein 
H 5 each of the fjrst and fourth TF units is provided with n 
pieces of TFs (n: integer equal to or larger than 3), and the 

m 

respective TFs are connected such that a delay output from the m- 
|| TF (l^m^n-l, m: integer) is inputted to the {m+l)th TF, and 
said waveform equalization apparatus further including: 

m 

y a first selection means for receiving delay outputs from 

t^he first to (n-l)th TFs of the first TF unit, respectively, 

f I 

selecting one of the plural delay outputs on the basis of a 
center tap control signal that is supplied from the outside, and 
outputting the selected signal as a main signal component of the 
first TF unit; and 

a second selection means for receiving delay outputs 
from the first to (n-'l)th TFs of the fourth TF unit, respectively, 
selecting one of the plural delay outputs on the basis of the 
center tap control signal, and outputting the selected delay 
output as a main signal component of the fourth TF unit. 
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8. The waveform equalization apparatus of Claim 6, wherein 

at least one of the first to fourth TF units is provided with 
n pieces of TFs (n: integer equal to or larger than 2), and the 
respective TFs are connected such that a delay output from the Ki- 
th TF (1. ^m^n-1, m: integer) is inputted to the (m+l)th TF, and 
the operating state of at least one of the TFs is switched 
between the active state and the halt state by a filter operation 
control signal that is supplied from the outside. 

M* 

D 

The waveform equalization apparatus of Claim 6, wherein 

IS 

[ :£ ; each of the first and fourth TF units is provided with n 
pieces of TFs (n: integer equal to or larger than 2), and the 

■Respective TFs are connected such that a delay output from the m- 

'■■ 

s|jh TF (l^m^n-1, m: integer) is inputted to the (m+l)th TF; 
% each of the second and third TF units is provided with s 
pieces of TFs (s: integer equal to or larger than 2), and the 
respective TFs are connected such that a delay output from the t- 
th TF (l^t^s-3, t: integer) is inputted to the (t+l)th TF; and 
the operating state of at least one TF among the plural TFs 
constituting each of the first to fourth Tf units is switched 
between the active state and the halt state by a filter operation 
control signal that is supplied from the outside. 



10. A waveform equa l.ization apparatus comprising: 

a first input terminal to which a digital input signal having 
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only a real component is applied; 

a second input terminal to which a digital input signal 
having only an imaginary component is applied; 

a first T 1*' unit for receiving the input signal applied to the 
f i rst input terminal, and outputting a signal which is subjected 
to a filtering process for waveform equalization, and a main 
signal component in the filtering process; 

a first selection circuit having first and second inputs, 
receiving, as the second input, the input signal applied to the 

a 

.<%£cond input terminal, and selecting either of the first and 

W 

Mcond inputs to output the selected input; 

N ! a second TF unit for receiving the output of the first 

Ep 

Selection circuit, and outputting a signal which is subjected to 
|*j filtering process for waveform equalization, and a delay signal 
|f|>tained by delaying the input signal; 

fv - a second selector for selecting either the input signal 
applied to the first input terminal or the delay signal outputted 
from the second TF unit, and outputting the selected signal; 

a third TF unit for receiving the output of the second 
.selection circuit, and outputting a signal which is subjected to 
a filtering process for waveform equalization, and a delay signal 
obtained by delaying the input signal; 

a third selector for selecting either the input signal 
applied to the second input terminal or the delay signal 
outputted from the third TF unit, and outputting the selected 
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.si gna 1 ; 

a fourth TF unit for receiving i.he output of the third 
selection circuit, and output Ling a signal which is subjected to 
a filtering process for waveform oquaij.zat.ion, and a main signal 
component in the filtering process; 

a fourth selector for selecting either the signal obtained by 
the. filtering process in the second TF unit or a signal obtained 
by inverting the filter-processed signal, and outputting the 

SjfiJ.ec.ted signal; 

□ 

13 a fifth selector for selecting either a signal which i s 
obtained by adding the output of the fourth selector and the 
s#gna 1 obtained by the filtering process in the first TF unit, or 

m 

the main signal component ouLpuLLed from the fourth TF unit, and 

W 

cUfcputtiny the selected signal; 

fjj 

W a sixth selector for selecting either a signal which is 

9. 

ofitained by adding the output of the fourth selector and the 
signal obtained by the filtering process in the first TF unit, or 
a signal which is obtained by adding the signal obtained by the 
filtering process in the third TF unit and the signal obtained by 
the filtering process in the fourLh TF unit., and outputting the 
selected signal; 

a first output terminal for outputting a signal which is 
obtained by adding the output of the sixth selector and the main 
signal component of the first TF unit; 

a delay unit for delaying a signal which is obtained by 
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adding the output o< the sixth selector and the mo in signal 
component of the first. TF unit, and outputting the delayed .signal 
so that it. becomes a first input to the first selector; 

a second output terminal for outputting a signal which is 
obtained by adding the output of the fifth selector, the signal 
obtained by Die filtering process in the third TF unit, and the 
signal obtained by the filtering process in the fourth TF unit; 

a first Lap coelficient control means for controlling the tap 

qaef f icients of the first to fourth TF units, on the basis of a 

fa 

signal which is obtained by adding the 011tpi.1t of Lhe sixth 

m 

selector and the main signal component of the first TF unit; and 
M< a second tap coefficient control means for controlling the 

m 

tap coefficients of the first to fourth TF units, on the basis of 
tffie signal which is obtained by adding the output of the sixth 

ry 

sUlcctor and the main signal component of the first TF unit, as 

O 

vletLl as the signal which is obtained by adding the output of the 
fifth selector, the signal obtained by the filtering process in 
the third TF unit, and the signal obtained by the filtering 
process in the fourth TF unit; 

wherein, when a signal is inputted to only the first input 
terminal, the first selector selects the input from the delay 
unit and outputs it; Lhe second selector selects the delay signal 
from the second TF unit and outputs it; the third selector 
selects the delay signal from the third TF unit and outputs it; 
the fourth selector selects the signal which is obtained by the 
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f i 1 f.er i rig process in the second TF unit, and outputs it; the 
fifth selector selects l.he signal which is obtained by adding the 
output of I he rourth selector and the signal obtained by the 
fill.eri.ng process in the tirst TF unit., and outputs it; the sixth 
selector .selects l.he signal which is obtained by adding the 
output of the filth selector, the signal obtained by the 
filtering process in the third TF unit, and the signal obtained 
by the filtering process in the fourth TF unit, and outputs it; 
<Md the first tap coefficient control means controls the tap 
coefficients of the first to fourth TF unity; and 

Pi 

N; when signals are inputted to both of the first input terminal 

"4 

ajfjd the second input terminal, the first selector selects the 
^P ut of the second input terminal and outputs i.t; the second 
selector selects the input of the first input terminal and 
outputs it; the third selector selects the input of the second 
iWput terminal and outputs it; the fourth selector selects an 
inverted signal of tho sicjna.1 which is obtained by the filtering 
process in the second TF unit, and outputs it; the fifth selector 
selects the main signal component of the fourth TF unit and 
outputs it; the sixth selector selects the signal which is 
obtained by adding the output of the fourth selector and the 
signal obtained by the filtering process in the first TF unit, 
and outputs it; and the first tap coefficient control means 
controls the tap coefficients of the first to fourth TF units. 



31. The waveform equalization apparatus of Claim 10, wherein 

each of the first and fourth TF units is provided with n 
pieces of TFs (n: integer equal to or larger than 3), and the 
respective TFs arc connected such that a delay output from the ra- 
th TF (l^m^n-l, m: integer) is inputted to the (m+l)th TF, and a 
signal which is obtained by adding the signals that are filter- 
processed by the respective TFs is outputtod as a filter- 
processed output from each of the first and fourth TF units; 

U said waveform equalization apparatus further including- 

Q 

Q a seventh selection means for receiving delay outputs 

ffl 

|som the first to (n-l)th TFs of the first, tf unit, respectively, 
fleeting one of the plural delay outputs on the basis of a 

center tap control signal that is supplied from the outside, and 

Q 

cfUtputting the selected signal as a main signal component of the 

W 

Mrst TF unit; and 

c; 

^ an eighth selection means for receiving delay outputs 

from the first to (n-l)th TFs of the fourth TF unit, respectively, 
selecting one of the plural delay outputs on the basis of the 
center tap control signal, and outputting the selected signal as 
a main signal component of the fourth TF unit. 

12. The waveform equalization apparatus of Claim 10, wherein 

at least one of the first to fourth TF units is provided with 
n pieces of TFs (n: integer equal to or larger than 2), and the 
respective TFs are connected such that a delay output from the m- 
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th TF (l^m^n-l, ni: integer) is inputted to the (mil)th TF, and 
I. he operating state et at least one of the TFs is switched 
between the active slate and the halt, -state by a filter operation 
cenLrol signal that is supplied from the outside. 



13. The waveform equalization apparatus of Claim 10, wherein 
each of the lirst and fourth TF units is provided with n 

pieces of TFs {n: integer equal to or larger than 2), and the 
jjspective TFs are connected such that a delay output from the m- 

fefi TF (l<m<n-l, ni; integer) is inputted to the (m+1 ) th TF; 

yy 

H; each of the second and third TF units is provided with s 
|J- CCGS of TFs (k: integer equal to or larger than 2), and the 
fcespective TFs are connected such that a delay output from the t- 
f|i TF (l^t^s-1, t: integer) is inputted to the (t+Uth TF; and 
the operating state of at least one TF among the plural TFs 
constituting each of the first to fourth TF units is switched 
between the active state and the halt state by a filter operation 
control signal that is supplied from the outside. 

14. A waveform equalization apparatus comprising: 

an input terminal to which a digital input signal having only 
a real component is applied; 

a first TF for performing a waveform equalization filtering 
process on the input signal applied to the input terminal; 

an adder for receiving, as one of plural inputs, the filter- 
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processed output from the first TF, and adding the input Led 
signals to output the result of the addition; 

an output terminal lor outputting the output of the adder; 

a delay unit for delaying the output of" the adder, and 
outputting the delayed signal; 

a slicer for slicing the output of the delay unit; 

a second TF tor performing a waveform equalization filtering 
process on the output of the slicor, Input Li rig the filter- 
pjocesscd signal to the adder, and outputting a delay output 
stained by delaying the output of the slicer, and signals 
detained from the respective taps; 

Nj a third TF for performing a waveform equalization filtering 
P £ OCess on thc dcla y output of the second TF, inputting the 
fijltcr-processed signal to the adder, and outputting a delay 
dltput obtained by delaying the delay output of the second TF, 
did signals obtained from the respective taps; 

a fourth TF for performing a waveform equalization filtering 
process on the delay output of the third TF, inputting the 
filter-processed signal to the adder, and outputting signals 
obtained from the respective taps; and 

a tap coefficient control means for controlling the tap 
coefficients of the first to fourth TFs on thc basis of thc 
output of the adder, and the signals obtained from the respective 
taps of the second to fourth TFs . 
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15. A waveform equalization apparatus comprising: 

an input terminal to which a digital signal is applied; 

a test signal generator for generating a signal for Lest; 

an input .signal selection means for selecting either the 
signal applied to the input terminal or the test signal, on the 
basis of a mode input signal that is supplied from the outside; 

a digitai filter unit having at least one TF, and performing 
a filtering process for waveform equalization on the signal that 

ifs selected by the input signal selection means; 

D 

0 an output terminal for outputting the signal that is filter- 
ed! 

Processed by the digital filter unit; and 

SI 

jj a tap coefficient control means for updating the tap 
coefficient of the TF in the digital filter unit on the basis of 
the signal that is filter-processed by the digital filter unit 
wWen the input signal selection means selects the signal applied 
t& the input signal, and performing no updation of the tap 
coefficient when the input signal selection means selects the 
Lest sign a l . 



